Monitoring water quality of rivers has particular ecological, economic, and environmental importance for a region. However, long-term monitoring of a river network requires a large amount of analysis with high work load and cost. In this study, multivariate analysis was performed to decrease the number of parameters and sampling points for monitoring water quality in the Kızılırmak River and its southern ranches of Karasu and Sarmısaklı creeks. On the study area, water quality parameters were collected from seven sampling points for 2004-07 and 2010-14. Multivariate statistical analysis was performed by hierarchical cluster analysis and principal component analysis for the evaluation of parameter variations and dataset interpretation. The dataset was divided into periods A and B to evaluate the effects of seasonal changes on sampling points and parameters.
Introduction
Water is an essential component of living organisms, and access to safe water is a main struggle for all life forms. Along with other freshwater sources, rivers are the main surface water sources for ecosystem life, agricultural use, industrial purposes, and drinking water production. On the other hand, rivers are vulnerable to pollution by excessive discharges of waste streams from anthropogenic, industrial, and agricultural activities from settlements around these rivers [1] . In addition to interactions of pollutants, climatic factors, hydrological characteristics, sediment, and metabolism in the water along with spatial and temporal variations determine water quality in a river [2] . Along with supplying adequate safe water, sustainable management of water quality in rivers with a reliable and representative quality monitoring program is one of the main tasks of governing offi cials. In river studies, fi eld surveys and physicochemical measurements of an entire river network are traditionally carried out through monitoring programs. However, long-term fi eld surveys generate large data sets, increasing processing load and operational costs [3] . Moreover, collection and classifi cation of a large amount of data leads to diffi culties in evaluation and representation of results along with
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for Water Quality Assessment of Karasu-Sarmisakli Creeks and Kizilirmak River in Kayseri, Turkey development of effective management strategies for water resources [4] . In recent decades, advanced statistical and calculation methods have been developed to classify large data clusters into meaningful range, extract useful information, identify relationships among corresponding data, and evaluate the results. Although many methods such as projection pursuit technique and neural networks have been developed, multivariate statistical techniques have enabled better and easier assessment for interpretation of complicated data sets in water quality studies [5] . Similarly, another study stated that multivariate statistical techniques are useful for reducing large data obtained from physicochemical water quality studies [6] . Those techniques are also effective for river water classifi cation, determination of temporal and spatial variations caused by natural and anthropogenic factors, and development of appropriate strategies for effective management of water resources [7] [8] [9] . Furthermore, multivariate statistical techniques have been applied to a variety of environmental issues, including risk assessment in wastewater management, evaluating water recycling strategies, and assessment of groundwater hydrology and chemistry [10] [11] [12] . Among multivariate statistical techniques, hierarchical cluster analysis (HCA), principal component analysis (PCA), discriminant analysis (DA), and principal factor analysis (PFA) are mostly applied methods for water quality investigations. In cluster analysis the data set is grouped on the basis of similarities and differences while dimensionality of a data set is reduced into a new set of variables with principal component analysis. Reduction generates new inter-related variables, and the principal components are arranged in descending order of importance for explaining variance of all original property.
Many researchers have applied HCA and PCA analyses for quality classifi cation and monitoring of temporal variations in water systems [1] . For instance, the factors controlling arsenic mobilization in groundwater chemistry were investigated and groundwater areas were classifi ed with these methods [13] . In another study, HCA and PCA were applied using 10 chemical variables in 247 samples to classify groundwater [14] . River water quality was analysed in the Three Gorges area of China to investigate spatial and temporal variations along with identifi cation of potential pollution sources [15] . After multivariate analyses, researchers determined major pollution factors and obtained fundamental information to develop better water pollution control strategies. Multivariate statistical techniques of PCA and PFA were employed to determine important water quality parameters in the St. Johns River in the U.S.A. [16] . They reported that total organic carbon, dissolved organic carbon, total nitrogen, dissolved nitrate and nitrite, orthophosphate, alkalinity, salinity, Mg, and Ca were the most important parameters in assessing variations of water quality in the river. HCA, DA, and PFA were applied for the assessment of seasonal variations in the surface water quality of tropical pastures in Kuala Lumpur [17] . The study was conducted with a dataset consisting of one-year monitoring of 14 parameters at six sampling sites. The authors stated that multivariate techniques enabled them to plan for future sampling events, optimize the number of sampling points, select appropriate water quality parameters, and reduce the costs. HCA was applied to 12 months of data from eight sampling points based on seasonal differences and different levels of pollution [18] . Additionally, the application of PCA/PFA helped to evaluate seasonal and spatial variations in river water quality and identify corresponding pollution sources in the Kaduna River.
The objective of this study was to determine the variables responsible for spatial and temporal variations in water quality of Karasu and Sarmısaklı creeks, together with the Kızılırmak River, by applying multivariate statistical techniques. Two multivariate statistical methods of Hierarchical Cluster Analysis (HCA) and Principal Component Analysis (PCA) were applied using STATISTICA 13 and XLStat software packages in order to interpret the relationships between parameters and sampling sites. All studies were performed using the datasets obtained during the observation period of 2004-07 and 2010-14.
Materials and Methods
Study Area and Sampling
The Kızılırmak fl ows for a total of 1,355 km, which rises in Eastern Anatolia around 39.8°N 38.3°E, passing to the northeast of Lake Tzu, and fi nally fl ows through Gokırmak Delta into the Black Sea at 41.72°N 35.95°E ( Fig. 1) [19] . The water of Sarmısaklı Creek is mostly used for agricultural irrigation in the Kayseri plain. Sarmısaklı Dam is located almost 40 km east of the confl uence point of Sarmısaklı and Karasu streams. Karasu Creek is highly polluted by discharging domestic and industrial streams from the city of Kayseri.
The water quality of rivers was monitored by periodically sampling seven points in 2004-08 and 2010-14. The locations of sampling points were as described in Table 1 . In total, 196 samples were collected and analysed for BOD 5 , COD, ammonia-N, kjeldahl-N, oil-grease, fecal and total coliform, TSS, TDS, nitrite, nitrate, total and ortho phosphate, surfactants, chloride, F ig. 1. Location of study area in Turkey.
sulfate, fl uoride, boron, dissolved oxygen, cadmium, chromium, copper, mercury, nickel, lead, and zinc. All laboratory analyses were performed by following the instructions in the Standard Methods. On the other hand, temperature and pH were measured in situ by a multiparameter. Total Coliform (MPN/100 mL) ≤100 100-20,000 20,000-100,000 > 100,000
Average precipitation and temperature values for the Kayseri region were as given in Table 2 . Precipitation between December-May was higher than the period between June-November, thus statistical evaluations were performed for two main periods: Period A, for data obtained in winter and spring seasons (DecemberMay) and Period B, for data gathered during summer and autumn (June-November).
Water quality of rivers was evaluated according to Turkish surface water quality management regulations [20] . In the regulation, surface waters are divided into four classes as shown in Table 3 . Class I is clean water that can be used for recreational purposes and irrigation and domestic purposes after disinfection. Class II is fairly clean water that can be used for recreational purposes, fi sh farming, and drinking after treatment. Class III is polluted water that can only be used as for industrial purposes after treatment, while Class IV is heavily polluted water that should not be used at all. In our study, threshold values of Class II and Class III were chosen as reference for parameter assessment. 
Data Preparation
In multivariate analysis variables should be standardized since variables with different scales and units may not contribute equally to the statistical analysis. Transforming the data to comparable scales can prevent this problem by minimizing the infl uence of variable variance, eliminate the infl uence of different units of measurement, and render the data dimensionless [21] . This can be achieved by calculating the standard scores (z-scores) of the raw data set by using the following equation [22] .
(1) Some researchers also recommend a log-transformation of raw data set before standardization in order to maximize the effectiveness of statistical analysis [23] . In our study, data screening showed that all data except temperature was skewed positively for all parameters (Table 4) . Therefore, statistical analyses were carried out after standardizing the logarithmic transformed data set. 
Statistical Analyses
Hierarchical cluster analysis (HCA) is a combination of techniques to classify large data into clusters on the basis of similarities or dissimilarities. Thus, resulting groups are similar to each other but distinct from other groups.
Researchers have widely applied HCA for classifi cation of water quality and interpreting experimental data [24] [25] . In this study, HCA was used to group sampling points based on their similarities in water quality and to detect links between water quality parameters. A combination of linkage methods of Ward, single, complete and distance methods of Euclidian and squared Euclidian were applied to all data sets. PCA analysis is widely used to assess spatial and temporal variations in water quality [7, 26] . In this study, PCA was performed in order to evaluate the signifi cance of parameters in water quality assessment and to determine the correlation between parameters. Before PCA analysis, the Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) and Bartlett's Test of Sphericity (p-value) were applied on experimental data to test partial correlation and dependency for excluding the potential non-independent data that can affect PCA. The Kaiser criterion was applied to determine the total number of factors for each dataset. Factors with eigenvalues greater than or equal to 1 were accepted as possible sources of variance in the data, with the highest priority ascribed to the factor that has the highest eigenvector sum. The reason for choosing 1 was that a factor must have a variance at least as large as that of a single standardized original variable to be acceptable [27] . All multivariate analyses were performed using STATISTICA 13 and XLStat software packages.
Results and Discussion
Characterization of Surface Water Quality
Water quality of Sarımsaklı and Karasu creeks of the Kızılırmak River around Kayseri Province were monitored at seven sampling points over a period of 10 years. Variations in chemical, physical and microbiological parameters are as shown in Table 5 , while mean values are given in Table 6 . The values in the tables indicate that SP1 on Sarımsaklı Creek has signifi cantly higher values of organic pollutants and most of other parameters compared to other sampling locations. These highpollutant concentrations indicated that SP1 had lower water quality than other sampling locations. On the other hand, other locations had a homogenized fl uctuation for the parameters.
Water classifi cation of working areas were performed according to values of COD, BOD 5 , ammonium-N, nitrate, total-P, chloride, sulphate, and TDS, and the results are summarized in Table 7 . In this table, Sarmısaklı and Karasu creeks were evaluated as a combined system according to quality classes. All parameter values except for SP6 and SP7 imply that water quality was Class III or Class IV. Water quality class in some parts of Sarmısaklı Creek was changing from Class II to Class IV due to the discharge of domestic and industrial wastewater from the Kayseri region. Some parameter values (including especially BOD 5 , COD, Kjeldahl-N, nitrite, total-P, DO, pH, and Hg) were exceeding the water quality criteria of Class II and Class III. Higher nitrogen and phosprous loading at Sarmısaklı Creek was associated with the discharge from agricultural activities, cattle breeding, and other land activities. On the other hand, water quality of Sarmısaklı Creek according to nitrate (Class I or Class II) indicates that the pollution did not originate from agricultural sources.
Hierarchical Cluster Analysis
HCA was performed at group sampling sites based on the similarities in water quality parameters. Among the methods applied for linkage and distance measurement, the Euclidian distance with Ward's method provided the best results. Based on 28 variables, the HCA produced a dendogram grouping all seven sampling points into three statistically signifi cant main clusters as shown in Fig . 2 . Cluster 1 contains SP6 and SP7, which were located on the Kızılırmak River. Cluster 2 consists of SP2, SP3, SP4, and SP5, which have approximately the same water quality. SP3 and SP4 have more similar features compared to SP5 and SP2. Cluster 3 contains only SP1, which has the worst water quality among all sampling points. Cluster 1 and Cluster 2 sampling points have more similar features compared to Cluster 3. On the other hand, SP2 is improving the water quality after confl uence with SP1.
Datasets for Period A and Period B were analysed separately with HCA in order to examine characteristics of sampling points during seasonal changes in water quality. The result of analysis is as shown in Fig. 3 . In contrast to Fig. 2 , Cluster 1 consisted only of SP6 and SP7 joined to Cluster 2 in Period A. Cluster 3 contains only SP3 in all periods with its specifi c water quality. These results indicate that water quality of sampling points during Period A was affected by the variations in seasonal precipitation. Those affections were mainly associated with the fl ow of additional rainfall during that period. On the other hand, no signifi cant changes were obtained with the HCA analysis in Period B. HCA analysis implied that there were three separate water qualities in the studied area. Overall evaluation revealed that the HCA method is useful for classifi cation of water quality and it showed that several sampling points can be decreased with this method and only one station from each cluster could be used for rapid spatial assessment of water quality in whole network. Fig. 2 . HCA results of sampling sites according to water quality parameters for all periods. Table 7 . Water quality classes according to several parameters. Kızılırmak River  I-II  II  II-IV  I-II  II-IV  III-IV  III-IV  II-III   Sarımsaklı-Karasu Creek  II-IV  II-IV  III-IV  I  III-IV  II-IV  I-IV  II-III HCA was applied to the entire water quality data set and the results are as shown in Fig. 4 . Among the applied methods for linkage and distance combination, the best results for variable relation were obtained using Ward's method and Euclidian distance. According to analysis, parameters were roughly classifi ed into two major groups: Cluster 1 ranged from Cl to ammonia-N and Cluster 2 from Zn to BOD 5 
Principal Component Analysis
In order to perform the PCA, the software was initially run unrotated for 28 parameters. PCA with varimax rotation was also applied but minor changes appear with this rotation. Therefore, varimax rotation results are not discussed. PCA enables us to compare the parameter relations by the automatically produced correlation matrix and observe the relationships between the parameters. The correlation matrix obtained from fi rst run of PCA showed that some parameters were not signifi cantly correlated with other parameters in the dataset. Therefore, parameters of fecal coliform, total coliform, ortho-P, TDS, NO , pH, and temperature were removed from both Period A and Period B datasets for further PCA analysis. Additional PCA applications were performed by using the remaining 16 water-quality parameters. Kaiser-Meyer-Olkin (KMO) values were calculated as 0.792 and 0.724 for Period A and Period B, respectively. These KMO values indicate that PCA could achieve a signifi cant reduction in the dimensionality of the original dataset. Bartlett's sphericity test for both periods was signifi cant (p< 0.05). The results of eigenvalues for both periods are shown in Fig. 6 . According to these results, the fi rst four PCs shown in the scree plot are extracted for further evaluation in Period A, while three PCs were extracted from the factor loadings in Period B.
The relationship between extracted PCs and parameters along with eigenvalues and PC variances for Period A and Period B are given in Table 8 . Factor loadings are generally classifi ed as strong, moderate, and weak, corresponding to absolute loading values of >0.75, 0.75-0.50, and 0.50-0.30, respectively [26] . In this study, values greater than 0.5 are accepted as effective loadings. , and Pb +2 with high factor loadings. Only DO has a negative loading on this PC. The last PC for Period B accounted for a total variance of 10.6% and contained the parameters of oil-grease and Hg +2 with high negative loadings. 
Conclusions
In this study, water quality dataset obtained from seven different sampling points over 10 years was analysed by multivariate statistical methods. Multivariate analysis was performed by HCA and PCA methods. With HCA analysis, sampling points were grouped into three meaningful clusters with similar characteristics. Moreover, there was no signifi cant change in clusters of Period A and Period B. HCA results indicated that one representative sampling point could be used for water quality monitoring all river network. Additionally, HCA was applied to all water quality parameters to form in meaningful clusters for interpretation relations between parameters. Results indicated that clusters formed during Period A (wet season) have more similar features to whole dataset clusters than the clusters formed for Period B (dry season). PCA was used to obtain a smaller number of variables for the evaluation of surface water quality. Four clusters were obtained for Period A with a total variance of 78.8%, while Period B was grouped into three groups with 68.8% of total variance. The results with the reduced 16 variables in PCA were not consistent with the HCA results of 28 variables. Therefore, another HCA was conducted with 16 signifi cant variables of PCA.
